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SPINNING CHARACTERISTICS 0? fflNGS 
If - CHANGES IN STAGGER OF RECTANGULAR CLARK Y 
BIPLANE CELLULES 
By M . J. Bamher and R« 0« House 



s7:.:-;ary 



Rectangular Clark Y biplane cellules havin^^zoro and 
-0.25 stagger, the gap equal to the chord, and 0 decalage 
were tested on the N*A* C«A. spinning "balance in the 5-foot 
vertical tunnel. The aerodynamic characteristics of the 
:ioclols and a prediction of the angles of sideslip for 
steady spins for airplanes using these wing arrangements 
are given. There is included an estimation of the yawing 
moment that must he furnished "by parts of the airplane 
other than the wing to "balance the inertia couples and wing 
yawing moments for spinning equilibrium. The effects on 
the spin of changes in Stagger and of variation in some of 
the important parameters are discussed and the results are 
compared with those for a similar "biplane cellule with 0 o 25 
positive stagger tested earlier. 

It is concluded that, with the values of stagger con- 
sidered, for a conventional biplane having equal upper and 
lower rectangular Clark Y wings, gap equal to the chord,, 
and zero decalago: The airplane will generally spin^with 
inward sideslip, which, in some cases, may exceed 20 ; for 
angles of attack through 50°, the sideslip generally ^ will 
become more inward as the stagger becomes more negative 
and, for an angle of attack of 70° and sometimes of 60', 
the inward sideslip will become less as the stagger ^ become s 
more negative; the value of stagger for the best spinning 
characteristics will vary with different types of airplanes 
the provision of a yawing-monent coefficient of -0.025 (i 0 e 
opposing the spin) by the tail, fuselage, and interference 
Offsets will prevent equilibrium in a steady spin for the 
values of stagger tested and with any of the parameters 
used in the analysis; and too much reliance should not be 
Placed on tail arrangement for preventing bad spinning 
characteri sties . 
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INTRODUCTION 



In order to provide necessary aerodynamic data for es- 
timating airplane spinning characteristics from the design 
features, the N.A.O.A. is conducting an investigation to 
determine the aerodynamic characteristics of airplane nod- 
els and parts of airplane models in spinning attitudes. 

The portion of the investigation to determine the 
spinning characteristics of wings, for which the N.A.C.A. 
spinning "balance is being used, includes a study of the ef- 
fects of variations in airfoil section, plan form, and tip 
shape of monoplane wings and variations in stagger for "bi- 
plane cellules. The first and third series of tests re- 
ported wiere made of Clark Y monoplane wings with rectangu- 
lar plan forms , with square and rounded tips, and with a 
5:2 tapered wing having rotinded tips (references 1 and 2). 
The second series, made of a rectangular Clark Y "biplane 
cellule with 0.25 stagger, is reported in reference 3. 

The present report is a continuation of reference 3 
and gives the aerodynamic, characteristics, in spinning at- 
titudes, of a rectangular Clark Y "biplane cellule with the 
gap equal to the chord, zero decalage, and with zero and 
-0.25 stagger. Also included are comparisons with the 
cellule having 0.25 positive sta,gger. 

APPARATUS AND MODELS 



The tests were made on the spinning balance in the 
N.A.C.A. 5-foot vortical wind tunnel. The tunnel is de- 
scribed in reference 4 and the six- component spinning "bal- 
ance in reference 5. 

The Clark Y wings were made of laminated mahogany 
with "balsa insets for lightness. The span of each wing is 
30 inches and the chord is 5 inches. These wings had "been 
used for the tests in reference 3; the only change in the 
cellule was new strut "bracing to giv^ the desired amounts 
of stagger. Figure 1 is a sketch of the model showing the 
"bracing, "balance attachment, and stagger • Figure 2 shows 
the model (-0.25 stagger) mounted on the spinning balance. 
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TESTS 



In order to cover the probable spinning range, tests 
were made at angles of attack of ?0 Q ," 40°, 50°, 60°, and 
70°. At each angle of attack tests were made with values 
of Qb/27 of 0.25, 0.50, 0.75, and 1.00. At each angle 
of attack and at each value of Qb/2V tests were made at 
sideslip angles of -5°, 0°, 5°, 10° , and 15° for' the cel- 
lule with zero stagger, and at 0° (a = 70° only), 5°, 10°, 
15°, and 20° sideslip for the cellule with -0.25 stagger. 
The angles of attack and of sideslip were measured in the. 
plane of symmetry at the quarter-chord point of the upper 
wing, which was also the center of rotation for all tests. 
Because of variations in individual "balance readings, at 
least one repeat test was made for each condition and an 
average of the individual measurements was used to compute 
the coefficients. 

The tunnel air speed was 70 foot per second for tests 
with §| = 0.25 and 0 0 50, 56 for ~ = 0.75, and 42 for 

^ = 1.00. The Reynolds Number was about 180,000 for the 

highest air speed and about 137,000 for the lowest. Pre- 
vious tests showed no appreciable change in scale effects 
for this range. 

RESULTS AND DISCUSSION 



The data were converted to coefficient form "by means 
of the following relations: 

•T v 7 

°X = qS W Y " ""I G Z ~ qS 

c - JL c - c = — 

I qbS » qbS ^ n qhS 

All coefficients are standard IT.A.C.A. form except 0 m , 
which is "based on the span rather than on the chord and 
may "be converted to the standard IT.A.C.A. form "by multi- 
plying by 6. All coefficients are given with the conven- 
tional signs for right spins (reference 1 ) • 
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The coefficients of longitudinal force in the earth 
system of axes C v „ and of all six components of the* 

A 

forces and moments in the "body system of axes are given in 
tables I and II. Sample curves of Oyti i Oi > C^, and 0^ 

are given in figures ? to 6, 

The data and attitudes are given for the quarter-chord 
point on the lower surface of the upper wing at zero radi- 
us. The coefficients in body axes may "be converted to any 
other point of rotation in the plane of symmetry "by the 
following relations. The converted coefficients are indi- 
cated "by the subscript 1. 



C y = C x (l^f C Y a C Y (J-V G 2 = 0 Z §-T 



i 1 / v N 2 

Ct = oi + f c Y ( 1 



i L "b j \V X 

r: i l b x b Z J vV 



and 



J — - • w v i 

•1 [_ D Y j vV x 



/ 



where x is the distance forward (positive) of the new 

center of rotation from the quarter-chord of the 
upper wing. 

z, the distance of the now center of rotation below 
(positive) the lower surface of the upper wing. 

b | the span of the wing. 



/ — 



V v / U, S V, 2 W, 2 

V V V 7 V 



u x ^ |m /Qb\ 

— s cos a cob p + r~-r l~J 
V b D ^2V> 



2xr /Ob\ 2zp rut 



- ^ sln p + Ta ^2yJ m blT ^2?; 



— — = sin a cos B - r- \ — 
V b Q 
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= cos a cos 3 



q 



sin 3 



r 
Q 



cos 3 sin a 



Thus 



a 1 = t an 



- i 



w . 



3 X = sin 



- 1 



An analysis was made with the data converted to the 
quarter-chord point midway "between the wings of the "biplane 
(reference 3) # The analysis showed that the sideslip re- 
quired was generally ahout 2° less than it was for the 
original data. In other details the variations were quite 
s imil ar . 

The data are "believed to "be correct to within the fol~ 
1 c w 1 ng limits: 

C XJI| ±0.02; 0-,, ±0.0?; 0 yi ±0.01; C z , ±0.02; 



V » 



±0.001; 0 m> ±0.002; C p , ±0.001 



Ho corrections have "been made for the effects of jet 
boundaries f scale, or interference of the "balance, struts, 
cr "bracing system. 



Generally, G vfl decreases as the stagger decreases 

A 

(fig. 3), This result may normally "be expected "because of 
the "blanketing of the upper wing "by the lower wing. The 
variation of C-^ with stagger changes sign with increase 
of angle of attack (fig. 4). The values of at ?0° an 

gle of attack arc more positive for the % negative stagger, 
and at 70° angle of attack are more positive for the posi- 
tive stagger. The changes in with Q"b/2V are irreg- 



ular. The values of 



increase as the stagger decreases 



(fi ; -;. 5). Part cf this increase is due to measuring the 
moments aoout a fixed point on the upper wing so that de- 
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creasing the 
with respect 
ties of 0 n arc 
change with the 



stagger means moving 
to this fized point* 
small and show no 
stagger (fig. 5 ) . 



the lower wing forward 
(See fig. 1 . ) The val- 

general tendency to 



ANALYSIS 



An analysis of the data was made to show the effects 
of certain parameters on the steady spinning characteris- 
tics of an airplane using these types of "biplane cellule. 
The method of analysis with the assumptions used and the 
errors involved is given in reference 1. For convenience 
the method of analysis is "briefly described. 

F ormulas used in the analysis . - 



fih _ A y_ 

2V J 3.84 |4. sin Za * ~ k x 2 



(1) 



(2) 



(3) 



Pa ram e ters • «• Because the wing loading, aspect ratio, 
radii of gyration, and pitching moments are mostly depend- 
ent upon the characteristics of the particular airplane, 
values of these variables covering the range for normal 
"biplanes have "been usee 1 , in the analysis. A mean of these 
values was chosen that gave the following parameters: 

Relative density of the airplane t'o air 



~ gphS " pVs/ ^ " 



N.A.C.A. Technical Note No, 625 



7 



"b 2 

Pit ch i ng- mo men i inertia parameter, — §■ — - 80 

k z - V 

E o 1 1 ing-momen t and yawing-momen t inertia parameter, 

2 2 

- i o 

, 2 , 2 X • U 

k 7 - k* 

Slope of assumed pi tching-moment curve for the com- 

plete airplane, — — 7 = 0.0020 

a - 20° 

Lift coefficient 3_ = 0— tl from test data 

Each of the parameters was varied, one at a time, from 
the mean value while all others were kept at the mean value 
with the exception of C T , which was equal to G Y „ for 
all oases • The values of the parameters chosen are: 



|A = 2.5, 5.0 , 7.5 , and 10.0 

= 60, SO, 100, and 120 



h 2 



k z ~ k x 



2 ~~ a 

lr — I'- 
ll. 17 •* l-TT 

Z X 



0.5, 1.0, 1.5, and 2.0 



= 0.0010, 0.0015, 0.0020, 0.0025, and 0.0030 

a - 20° 

The variations in (1 include the range of wing load- 
ings of conventional biplanes. 

,2 , 2 _ v 2 

0 k 2 y 

The variations in — ~ r and — g g cover 

k z - k x ^ k z - k x 

the range given in reference 6 for 11 airplanes. These 

7T "b C — B 

■oarameters may "be written — ; J r and — 7, respec- 

g(G ~ A) 0 - A 

tivcly, where 
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the moment of inertia a "bout the X axis 



3 = mk f ®, 



the moment of inertia about the 



Y a::is. 



C = 




the moment of inertia about the 



Z a:: i s • 



Lie t hod of analysis,- The value of fib/2V was computed 
for each angle of attack using equation (l)« The aerody- 
namic r olling-monent coefficient required for spinning 
equilibrium was computed for all values of a and 3 
tested using equation (2). The values of C n and \i were 
those r.GGd in equation (l). In order to obtain values of 
C L (C T , = 0 V it ) , values of C^-u, determined from the tests, 

were plotted against Qb/2V and, by interpolation, values 
of Cvn at the values of Qb/27 computed from equation 

(l) were found. Ey means of similar interpolation, values 
of C-^ were obtained; a correction of 0,02 was added to 

to give On available. The values of C-^ available 
and of On required, as found by the preceding methods, 
were plotted against 3, the points of intersection of 
the two sets of curves giving values of Gfy and g, for 

each angle of attack, at which all forces and moments ex- 
cept yawing moments arc in equilibrium* 

Values of C n required to balance the inertia yawing 
moments were calculated from equation (3)% using for G-^ 
the value found for the equilibrium condition. The value 
of C n furnished by the wings was the C n of the tests 
corrected by adding 0,006. By the subtraction of this 
value of C n from the value of C n required as found by 

equation (3), the value of G n was found that must be 
furnished by the remaining parts of the airplane, fuse- 
lage, empennage, and interference effects, to give equi- 
librium in a steady spin at the given angles of attack. 

Scale-effect corrections to d (AC^ = 0.02) and to 
C n (AC 2l = 0,006 ) have been found necessary from compari- 
sons of model with full-scale data and are discussed in 
reference 5 . 

gj,Agm^ sign, of r e sgltM^af _analz^li « * The angles of 
sideslip required for a balance of rolling moments and the 
values of C n that must be supplied by parts of the air- 
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plane to balance the inertia couples and wing yawing mo- 
ments are plotted against the parameters in figures 7 to 
14. The results for the 0,25 stagger are included for 
cbmpar i son . 

The effect of the various parameters on the sideslip 
required for equilibrium of rolling moments depends on the 
angle of attack and on the amount of stagger (figs. 7 to 
10). For 50° angle of attack and "below, the sideslip is 
always inward and, except for two cases, is never less 
than 6°, generally increasing as the stagger decreases 
(changes in a direction from positive to negative). For 
an angle of attack of 70° and, sometimes, of 60°, 0 de- 
creases as the stagger decreases,' and for some parameters 
the sideslip may "become outward. 

The effect of stagger on C n required is small. (See 
figs. 11 to 14.) The C n required tends to change in the 
direction from positive toward negative as the stagger in- 
creases.' The variation of C n required with the paramo- 

• ~ G m h 2 
ters — - f \± , and is usually small t the 

a - 20° kz 2 - k x 2 . 

maximum negative value of C n required "being less than 

V 2 - k 2 
Z Y 

-0.016. The CL required- decreases as — §■ g* in- 

k z - k X 

creases, the extreme values "being 0.013 and -0.023. 

Prediction qf spinning characteristics of an airplane 
f rom the analysis .- Prediction of the spinning characteris- 
tics of an airplane in which any of these "biplane combina- 
tions is used largely depends upon the aerodynamic yawing- 
moment characteristics of the particular airplane. The 
value of C n required, as given in this report, is numer- 
ically equal and of opposite sign to the sum of the wing 
yawing moments and the inertia couples. At any angle of 
attack, when this value of C n is supplied "by the empen- 
nage, fuselage, and interference effects, a steady spin 
will result provided that the equilibrium is stable; for 
any other value of C n the airplane will not spin at that 
attitude. In order to insure against spinning in any atti- 
tude, a value of C n opposing the spin must be provided 
that is larger than any attainable value of C n required. 
The yawing moment supplied by the empennage, fuselage, and 
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interference effects depends upon the sideslip; the size 
and shape of the fuselage and tail surfaces; the location 
of the horizontal tail surfaces with respect to the fuse- 
lage, fin, and rudde?; the amount of fin area ahead of 
the center of gravity; the interference effects "between 
the wings and the rest of the airplane; and the limits of 
control movements. Data on some of these effects are re- 
ported in reference 5 and in references 7 to 12. The ge- 
ometry of the spin indicates that the vertical tail sur- 
faces should "become more effective in producing a yawing 
moment opposing the spin as the rate of rotation increases 
and the sideslip decreases. Fin area ahead of the center 
of gravity will give yawing moments opposing the spin if 
the sideslip is inward* (See reference 11, fig. 2,) 

If the effects of sideslip on the yawing moment sup- 
plied by the fuselage, empennage, and interference effects 
are not considered, for values of stagger tested a "biplane 
with negative stagger will generally have a slightly small-* 
er yawing moment than one with positive staggeir. When 

-~2 -g- < 1 (weight of the airplane distributed along 

k z - fcj 

the fuselage, A < B), the C required opposing the spin 

k z 2 - k Y 2 

will he smallest. When > 1 (weight of the air- 

k 2 - 

plane distributed along the wings, A > 3), the C n re- 
quired opposing the spin will be large and the airplane 
may be expected to spin flat and recoveries will probably 
be more difficult. 

The effects of sideslip on the yawing moments pro- 
duced by the tail and fin area indicate that, with large 
inward sideslip, the vertical tail surfaces would be very 
ineffective and large amounts of fin area ahead of the 
wing would be beneficial. In some cases the inward side- 
slip at the center of gravity may be large enough to make 
the sideslip at the tail inward, in which case the tail 
and the fuselage behind the center of gravity would furnish 
yawing moments aiding the spin. It follows that two gen- 
eral methods of preventing a dangerous spin might be con- 
sidered. 

The first method is to design an airplane that will 
attain spinning equilibrium with as small an amount of in- 
ward sideslip as possible so that the rear part of the 
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fuselage and the tail surfaces will have maximum effective- 
ness* A tail with a large unshielded vortical fin area 
will then give the maximum obtainable yawing moment oppos- 
ing the spin. A large diving moment, a small value of 



13 3 



~p , a largo value of wing loading, and a large 



2 2 

k z - k x 

k 2 - It 2 
Z Y 

value of — — — p v re factors giving the smallest 

k z - K X 

amounts of inward sideslip, although the large values of 

k2 v 2 

— also give relatively large values of C n re- 

quired opiDOsing the spin. 

The second method is "based on the assumption that an. 
appreciable yawing moment opposing the spin may be set up 
by fin area ahead of the center of gravity (reference 11). 
This yawing moment would be expected to increase as the 
inward sideslip and the vertical fin area ahead of the 
center of gravity increase. The airplane should then be 
designed with the maximum possible vertical fin area ahead 
of the center of gravity; and, to obtain maximum inward 
sideslip, a small diving moment , a large value of 

~j lightly loaded wings, and a small value of 



.a . a 
k z - k x 



k z 2 - k Y 2 

K z K x 



A good tail arrangement, i.e., one with a large un- 
shielded fin area, may not always prevent flat spins be- 
cause, for some cases, the sideslip at the tail may be 
zero or inward, which will result in a tail yawing moment 
of rero or even aiding the st>in . 



CONCLUSIONS 



On the assumption that the arbitrary constants added 
to the rolling-moment and yawing-momen t coefficients are 
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of the right order of magnitiMLe , the following conclusions 
are indicated ■ "by the analysis presented for a conventional 
"biplane with rectangular Clark Y wings having 0*25, zero, 
and «*0 9 25 stagger, gap equal to the chord., and 0 decalage 

1, The value of the yawing-mo raent coefficient re- 
quired from the fuselage, tail, and interference effects 
for steady spinning equilibrium at any angle of attack is 
small and nearly always negative (opposing the rotation) 
throughout the range investigated. 

P.o The maximum value of the yawing- moment coeffi- 
cient that must be supplied by all parts of the airplane, 
other than the wings and inertia couples to prevent spin- 
ning equilibrium a.t any angle of attack is C n = - 0b02s. 

" c The value of stagger for the best spinning char- 
acteristics varies with different types of airplanes. 

4 e At some angles of attack, the inward sideslip 
will be very great (more than 20° ) so . that even good tail 
arrangements may have little effect in preventing a dan- 
gerous spin; fin area ahead of the wings will be benefi- 
cial. 

5. The angle of. attack at which the maximum inward 
sideslip occurs decreases as the stagger changes from pos- 
itive toward negative. For angles of attack through 50. , 
the sideslip generally becomes more inward as the stagger 
becomes more negative, the opposite being true at 70° an- 
gle of attack, with the transition taking place at some 
intermediate angle of attack. 

6 a Too much reliance should not be placed on tail 
arrangement for preventing bad spinning characteristics. 

Langley Memorial Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, Va. , Cctoher 19, 1937. 
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TABLE I. Aerodynamic Characteristics of a Clark Y Biplane Cellule 
- 0.25 stagger 
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0063 
0270 
.0321 
.0298 
.0146 


.0062 
.0057 
.0062 
.0077 
.0067 


.0054 
-.0025 
-.0067 
-.0059 
-.0031 


.50 


30 
40 
50 
60 
70 


.778 
.660 
.502 
.402 
.293 


-.033 
-.015 
-.023 
.001 
.037 


.000 
-.009 
-.009 
-.002 

.000 


-.917 
-.874 
-.810 
-.801 
-.754 


-.0117 

.0041 
.0233 
.0282 
.0056 


.0046 
.0056 
.0069 
.0090 
.0063 


•0043 
-.0008 
-.0065 
-.0064 
-.0032 


.75 


30 
40 
50 
60 
70 


.884 
.800 
.621 
.509 
.365 


-.031 
-.052 
-.045 
-.020 
.008 


.017 
.003 
-.005 
-.010 
-.001 


-1.039 
-1.088 
-1.020 
-1.053 
-1.044 


-.0404 
.0335 
.0176 
.0272 
.0122 


.0026 
.0037 
.0025 
.0000 
-.0021 


.0005 
.0013 
-.0039 
-.0056 
-.0020 


.75 


30 
40 
50 
60 
70 


.840 
.750 
.647 
.521 
.388 


-.034 
-.018 
.013 
.022 
.043 


.012 
.003 
-.002 
-.007 
-.002 


-.989 
-.995 
-.991 
-1.004 
-1.018 


-.0271 
.0142 
.0134 
.0242 
.0183 


-.0051 
-.0054 
-.0062 
-.0033 
-.0025 


.0007 
-.0007 
-.0041 
-.0047 
-.0009 


1.00 


30 
40 
50 
60 
70 


.986 
.974 
.819 
.637 
.524 


-.019 
-.049 
-.044 
-.034 
.023 


.032 
.024 
.012 
.002 
-.004 


-1.150 
-1.313 
-1.325 
-1.333 
-1.468 


-.1290 
-.0313 
-.0118 
-.0103 
-.0261 


-.0006 
-.0055 
-.0036 
-.0117 
-.0231 


-.0042 
.0016 
.0007 

-.0023 
.0008 


1.00 


30 
40 
50 
60 
70 


1.030 
1.012 
.845 
.686 
.558 


.001 
.018 
.037 
.049 
.077 


.031 
.024 
.009 
.010 
.001 


-1.189 
-1 . 306 
-1 . 270 
-1.285 
-1.420 


-.1029 
-.0254 
-.0099 
.0014 
.0058 


-.0175 
-.0186 
-.0161 
-.0179 
-.0157 


-.0014 
.0009 
-.0009 

.0000 
.0006 


P - 10° 


0 « 20° 


0.25 


30 
40 
50 
60 
70 


0.757 
.655 
.506 
.369 
.284 


-0.031 
-.036 
-.012 
.021 
.057 


-0.005 
-.005 
-.001 
.002 
.003 


-0.893 
-.886 
-.801 
-.703 
-.872 


-.0164 
-.0161 
.0053 
.0040 
-.0165 


0.0023 
.0051 
.0106 
.0100 
.0054 


0.0032 
-.0014 
-.0032 
-.0050 
-.0010 


0.25 


30 
40 
50 
60 
70 


0.792 
.697 
.452 
.397 
.299 


-0.024 
-.011 
-.069 
.037 
.063 


0.000 
.005 
.005 
.004 
.006 


-0.928 
-.919 
-.785 
-.730 
-.700 


-0.0465 
-.0476 
-.0339 
-.0252 
-.0389 


-.0008 
.0023 

-.0059 
.0074 
.0037 


0.0032 
-.0010 
.0017 
-.0028 
-.0010 


.50 


30 
40 
50 
60 
70 


.774 
.628 
.490 
.402 
.284 


-.038 
-.043 
-.045 
-.009 
.024 


.002 
-.008 
-.012 
-.001 

.001 


-.916 
-.856 
-.816 
-.819 
-.766 


-.0009 
.0164 
.0269 
.0268 
.0104 


.0057 
.0055 
.0062 
.0073 
.0065 


.0050 
-.0020 
-.0065 
-.0059 
-.0030 


.50 


30 
40 
50 
60 
70 


.739 
.627 
.487 
.391 
.261 


-.045 
-.036 
-.035 
-.004 
.006 


.003 
-.006 
-.008 
-.003 

.000 


-.880 
-.849 
-.799 
-.790 
-.744 


-.0262 
-.0121 
.0156 
.0223 
-.0035 


-.0002 
.0008 
.0044 
.0065 
.0041 


.0044 
.0007 
-.0048 
-.0051 
-.0033 


.75 


30 
40 
50 
60 
70 


.870 
.772 
.624 
.489 
.331 


-.027 
-.046 
-.035 
-.022 
-.015 


.012 
-.001 
-.008 
-.013 
-.005 


-1.020 
-1.046 
-1.012 
-1.016 
-1.008 


-.0337 
.0196 
.0131 
.0208 
.0140 


.0020 
.0041 
.0014 
.0040 
.0008 


.0001 
-.0009 
-.0049 
-.0060 
-.0022 


.75 


30 
40 
50 
60 
70 


.779 
.701 
.581 
.497 
.350 


-.051 
-.027 
-.016 
.012 
.011 


.008 
.000 
-.003 
-.007 
-.004 


-.930 
-.938 
-.923 
-.972 
-.994 


-.0304 
.0069 
.0145 
.0315 
.0204 


-.0016 
.0046 

-.0012 
.0043 
.0024 


.0002 
-.0023 
-.0038 
-.0062 
-.0021 


1.00 


30 
40 
50 
60 
70 


.989 
.987 
.802 
.618 
.471 


-.021 
-.029 
-.033 
-.033 
-.016 


.029 
.023 
.006 
-.006 
-.004 


-1.153 
-1.312 
-1.287 
-1.293 
-1.420 


-.1132 
-.0325 
-.0104 
-.0054 
-.0116 


-.0027 
-.0034 
-.0051 
-.0068 
-.0177 


-.0023 
-.0005 
-.0010 
-.0014 
-.0001 


1.00 


30 
40 
50 
60 
70 


.880 
.862 
.775 
.619 
.467 


-.057 
-.034 
.016 
.012 
.004 


.023 
.015 
.011 
.000 
.002 


-1.049 
-1.153 
-1.186 
-1.341 
-1.354 


-.0883 
-.0248 
-.0083 
.0057 
.0160 


-.0114 
-.0013 
-.0118 
-.0036 
-.0073 


-.0018 
-.0030 
-.0003 
-.0031 
-.0013 



Coefficients of forces and moments given for and about the quarter-chord point at the lower surface of the upper wing. 
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Aerodynamic Characteristics of a Clark Y Biplane Cellule 
Zero stagger 
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(deg.) 








C Z 




C m 


Cn 


2V 


a 

(deg.) 






°Y 


°z 




Cm 












p ■ 


• 0° 
















0 - 


10° 








0 . 25 


30 
40 
50 
60 
70 


U .ooo 
.753 
.611 
.436 
.294 


— 0 . 042 
-.040 
-.030 
-.010 
.031 


—0 . 007 
-.012 
-.009 
-.002 
-.003 


—0 . 986 
-1.017 
-.986 
-.889 
-.774 


0 .0158 
.0135 
.0205 
.0357 
.0312 


— U . Ucoo 
-.0270 
-.0248 
-.0248 
-.0258 


0 . 0061 
-.0008 
-.0014 
-.0017 
-.0035 


U . c,Xo 


ou 
40 
50 
60 
70 


0 . 809 
.737 
.637 
.448 
.274 


—0 . 041 
-.035 
-.013 
-.009 
.012 


—0.005 
-.010 
.001 
.004 
.003 


— 0 .958 
-.992 

-1.006 
-.912 
-.766 


-0 .0154 
-.0232 
-.0145 
.0064 
.0124 


-0.0241 
-.0274 
-.0270 
-.0244 
-.0256 


0 .0052 
-.0015 
-.0013 
-.0011 
-.0028 


.50 


30 
40 
50 
60 
70 


.917 
.813 
.629 
.449 
.304 


-.033 
-.034 
-.043 
-.034 
-.009 


.007 
-.006 
-.016 
-.011 
-.004 


-1.078 
-1.090 
-1.030 
-.958 
-.915 


-.0080 
.0222 
.0493 
.0507 
.0473 


-.0260 
-.0315 
-.0305 
-.0300 
-.0323 


.0054 
.0033 
-.0011 
-.0045 
-.0042 


.50 


30 
40 
50 
60 
70 


.874 
.774 
.618 
.480 
.304 


-.040 
-.026 
-.016 
.001 
-.003 


.002 
-.008 
-.011 
-.006 

.000 


-1.032 
-1.032 
-.980 
-.959 
-.897 


-.0181 
-.0009 
.0196 
.0371 
.0426 


-.0282 
-.0286 
-.0283 
-.0321 
-.0311 


.0045 
.0027 
-.0021 
-.0036 
-.0042 


.75 


30 
40 
50 
60 
70 


1.017 
.981 
.776 
.564 
.380 


-.031 
-.022 
-.017 
-.027 
-.014 


.023 
.011 
-.005 
-.012 
-.012 


-1.193 
-1.299 
-1.227 
-1.174 
-1.150 


-.0629 
.0177 
.0468 
.0499 
.0559 


-.0300 
-.0390 
-.0453 
-.0458 
-.0450 


.0026 
.0044 
.0011 
-.0027 
-.0037 


.75 


30 
40 
50 
60 
70 


.998 
.905 
.712 
.562 
.380 


-.039 
-.034 
-.018 
-.006 
-.003 


.016 
.004 
-.008 
-.013 
-.007 


-1.175 
-1.210 
-1.130 
-1.135 
-1.120 


-.0582 
.0050 
.0276 
.0390 
.0497 


-.0329 
-.0405 
-.0440 
-.0460 
-.0446 


.0010 
.0020 
.0008 
-.0024 
-.0033 


1.00 


30 
40 
50 
60 
70 


1.111 
1.146 
.917 
.641 
.475 


-.027 
-.001 
-.030 
-.067 
-.025 


.043 
.036 
.023 
.002 
-.007 


-1.299 
-1.497 
-1.461 
-1 . 398 
-1.455 


-.1576 
-.0541 
.0109 
.0257 
.0397 


-.0323 
-.0530 
-.0678 
-.0603 
-.0650 


-.0006 
.0064 
.0067 
.0019 

-.0002 


1.00 


30 
40 
50 
60 
70 


1.141 
1.096 
.905 
.707 
.473 


-.029 
-.040 
-.009 
.009 
-.011 


.033 
.025 
.007 
-.005 
-.006 


-1.334 
-1.464 
-1.419 
-1.398 
-1.413 


-.1339 
-.0354 

.0051 
.0232 
.0505 


-.0426 
-.0620 
-.0662 
-.0619 
-.0665 


.0000 
.0035 
.0042 
.0019 
.0020 


» - 5° 


0 ■ 15° 


0.25 


30 
40 
50 
60 
70 


0.823 
.746 
.622 
.448 
.265 


-0.038 
-.039 
-.023 
-.001 
.005 


-0.008 
-.012 
-.007 

.000 
.000 


-0.973 
-1.007 
-.995 
-.898 
-.761 


0.0013 
-.0036 
.0040 
.0225 
.0216 


-0.0237 
-.0272 
-.0253 
-.0237 
-.0255 


0.0055 
-.0013 
-.0017 
-.0014 
-.0031 


0.25 


30 
40 
50 
60 
70 


0.816 
.746 
.637 
.457 
.251 


-0.037 
-.029 
-.021 
-.009 
-.009 


-0.003 
-.002 
.007 
.004 
.001 


-0.964 
-.998 

-1.016 
-.929 
-.760 


-0.0322 
-.0388 
-.0355 
-.0122 
-.0002 


-0.0244 
-.0279 
-.0274 
-.0254 
-.0263 


0.0050 
-.0010 
-.0015 
-.0006 
-.0022 


.50 


30 
40 
50 
60 
70 


.895 
.792 
.624 
.463 
.296 


-.037 
-.035 
-.029 
-.019 
-.016 


.002 
-.008 
-.015 
-.011 
-.003 


-1.055 
-1.063 
-1.006 
-.960 
-.910 


-.0131 
.0101 
.0339 
.0436 
.0439 


-.0259 
-.0301 
-.0296 
-.0308 
-.0310 


.0047 
.0023 
-.0017 
-.0040 
-.0039 


.50 


30 
40 
50 
60 
70 


.842 
.747 
.610 
.460 
.306 


-.050 
-.032 
-.023 
-.006 
.006 


.001 
-.008 
-.007 
-.001 
-.003 


-1.001 
-1.002 
-.975 
-.929 
-.878 


-.0255 
-.0157 
.0068 
.0315 
.0407 


-.0284 
-.0296 
-.0309 
-.0316 
-.0319 


.0043 
.0019 
-.0014 
-.0028 
-.0038 


.75 


30 
40 
50 
60 
70 


1.026 
.976 
.750 
.607 
.374 


-.029 
-.011 
-.010 
.018 
-.014 


.021 
.006 
-.006 
-.012 
-.012 


-1.201 
-1.283 
-1.179 
-1.184 
-1.131 


-.0592 
.0146 
.0362 
.0470 
.0519 


-.0343 
-.0418 
-.0429 
-.0436 
-.0424 


.0019 
.0031 
.0006 
-.0023 
-.0038 


.75 


30 
40 
50 
60 
70 


.939 
.866 
.708 
.536 
.384 


-.052 
-.030 

.002 
-.008 

.006 


.015 
.000 
-.007 
-.011 
-.005 


-1.115 
-1.155 
-1.099 
-1.086 
-1 . 106 


-.0565 
-.0031 
.0209 
.0343 
.0544 


-.0334 
-.0390 
-.0393 
-.0390 
-.0409 


.0010 
.0015 
.0003 
-.0038 
-.0033 


1.00 


30 
40 
50 
60 
70 


1.154 
1.158 
.944 
.754 
.462 


-.016 
.007 
.001 
.043 

-.025 


.038 
.029 
.016 
.004 
-.012 


-1.341 
-1.505 
-1.469 
-1.432 
-1.420 


-.1439 
-.0439 
.0045 
.0239 
.0452 


-.0441 
-.0589 
-.0636 
-.0619 
-.0594 


.0001 
.0044 
.0037 
.0015 
.0003 


1.00 


30 
40 
50 
60 
70 


1.110 
1.084 
.866 
.740 
.481 


-.054 
-.007 
-.001 
.052 
.006 


.030 
.019 
.002 
-.007 
-.009 


-1.313 
-1.421 
-1.348 
-1.390 
-1.391 


-.1204 
-.0303 
.0029 
.0227 
.0518 


-.0459 
-.0551 
-.0595 
-.0597 
-.0562 


.0008 
.0017 
.0020 
.0009 
-.0001 



Coefficients of forces and moments given for and about the quarter-chord point at the lower surface of the upper wing. 
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Figure 1.- Clark Y biplane cellule. 
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Figure 2.- The rectangular Clark Y biplane cellule, 0.25 stagger, 
mounted on the spinning balance, 
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Fig. 3 
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figure 3*- Variation of longitudinal-force coeffiolent, Cj« (eartn axes) with angle of 
•ideelip and with Sl\>/ZV. 
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Figure 4.- Variation of rolling-moment ooefficiont C, (body axes) with angle of sideelip 

and ^b/2V. 



.C.A. Technical Iota lo. 635 



rig. 5 



.04 



0 



.04 



.08 



0 



.08 



.04 























































Staggei 






























— + - 

o - 
X- 


— o' 

- -0. 


25 





















































































— 








3 


< 




































































T 


< 


> ' 
















ai - 


70° 














.. 


































N 









































































































































































































































1 ^ 


> 






< 


i 




















Q ' 






















50° 
















































■^r — 

N 










* 






























































































































' 3 

























, 1 


» _____ 












> 






< 


i , 
























1 






\ 






fib 


.75 














30° 


















1 
























10° 









-5 0 5 10 15 30 .25 .50 .75 1.00 

Angle of sideslip, 0 ,deg. Xlb/27 

figure 5.- Variation of pitching-aoaent coefficient C m (body axes) with angle of sideslip 
and Slb/2V. 
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Fig. 6 
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Figure 6.- Variation of yawing-aoment coefficient C n (body axes) with angle of sideslip and 
with m>/2V. 
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Figs. 7,8 
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Figure 7.- Effect of pitching-moment coefficient 

upon sideslip necessary for equilibrium affect of pitching-moment inertia 

in a spin. m- ■ 5 C T = „ parameter upon sideslip necessary 

L * for equilibrium in a spin, n « 5 C T ■ 
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Figs. 9,10 




2.5 5.0 7.5 10.0 13.5 

Relative density, n ■ m 
pffb 

Figure 9.- Effect of relative density of 

airplane upon sideslip necessary 
for equilibrium in a spin. 0 m « -0.0030(oL - 20°) 
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Figure 10.- Effeot of rolling-moment aad 

yawing-moment inertia parameter 
upon sideslip necessary for eouilibrium 1m 
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Fig. 11 
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Figure 11.- Effect of pi tching-moment coefficient upon yawing-moment 

coefficient that must be supplied by parts other than the 
wing for equilibrium in a spin. 
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Figure 13.- Effect of pitching-moment inertia parameter upon yawing-mcaenw 
coefficient that must be supplied by parts other than the wing 
for equilibrium in a spin. 
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Figure 13.- Effect of relative density of airplane upon yawing-moment 
coefficient that must be supplied by parts other than the 
wing for equilibrium in a spin. 
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Fig. 14 




Figure 14.- Effect of rolling-moment and yawing-moment inertia parameter 

upon yawing-moment coefficient that must be supplied by parts 
other than the wing for equilibrium in a spin. 



